One of the key stages of evaluating an edentulous ridge prior to dental implant placement is the analysis of neighboring anatomical structures such as canalis sinuosus (CS) with cone-beam computed tomography (CBCT). CBCT visualization has its own features, such as the change of slice thickness. The aim of the study was to analyze CS prevalence in relation to the slice thickness and CS diameter according to CBCT scans. Materials and Methods: In total, 100 CBCT scans of 39 males and 61 females in the age span of 46 to 81 years were retrospectively studied. Terminal alveolar part of CS was analyzed in Ez3D2009 (Vatech) software on panoramic and cross-sectional views with 0.5 mm, 1 mm, 3 mm, and 10 mm slice thicknesses. The prevalence was documented with regard to the diameter and slice thickness and was statistically compared in age and gender groups. Results: This CBCT study demonstrated 55.5% CS prevalence. There was no statistically significant difference in presence between age and gender groups regarding diameter as well as within different slice thickness. The study also showed the importance of the slice thickness choice for CS visualization: the best visualization was reached with 0.5 mm and 1 mm slice thicknesses. Visualization with 0.5 mm and 1 mm slice thicknesses was absolutely the same (55.5%). General CS prevalence with a 10 mm slice thickness (16.5%) was significantly lower (P < 0.05) than the prevalence with a 3 mm slice thickness (20.5%). The correlation between the slice thickness and a diameter more than 1.5 mm in size was not found. Conclusion: CBCT analysis showed that the highest CS prevalence was detected with the use of 0.5/1 mm slice thickness. As well, the higher CS diameter, the better is its visualization.
Introduction
One of the key stages of evaluating an edentulous ridge prior to dental implant placement is the analysis of neighboring anatomical structures. [1] In the anterior maxilla, one of these structures is the canalis sinuosus (CS). [2] [3] [4] The CS is an intrabony structure that carries the anterior superior alveolar neurovascular bundle. [1] It begins on the infraorbital canal behind the homonymous foramen and goes in the anterior-lateral direction. After the canal reaches the anterior wall of the maxilla, it turns medially and goes along the lateral wall of the nasal cavity. [5] Some authors call the terminal part of CS, residing in the alveolar process of maxilla, differently: continuation of the CS, [1, 6, 7] the accessory canal of the CS [5, 8] or the lateral incisive canal [9] [ Figure 1a and b]. The terminal part
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of CS may be located in three directions: palatal, central, and buccal. [1, 5, 8, 10] Damage of this canal during implant placement can lead to a range of complications such as bleeding and sensory disturbances. [1, 8] For example, Arruda et al. presented the description of the clinical case, where a 51-year-old woman suffered from paresthesia for 22 months after dental implant placement in the maxillary lateral incisor region. A cone-beam computed tomography (CBCT) scan analysis revealed that the implant was placed into the CS that led to pain and sensory disturbance in the upper lip region on the right side. [11] After removing the implant, the pain disappeared. There are other clinical reports describing the appearance of pain after dental implant placement with CS damage. [8, 11] It is difficult to locate CS on conventional radiography. [12, 13] This could be owing to the small diameter of the canal, porous cortical layers, and variable course. CBCT is advantageous in such case scenarios as it clearly delineates these delicate findings. [9] It is known that thinner CBCT slices provide less partial volume averaging and better image quality with more detailed visibility. [14] However, several studies demonstrated different conclusions on the dependence of the slice thickness and the detection of the anatomical and other structures. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Nothing is known about whether slice thickness parameters influence the visibility of CS in CBCT.
The aim of the study was to analyze CS prevalence and visualization in relation to the slice thickness and CS diameter according to CBCT scans for better radiographic estimation.
Materials and Methods
In total, 100 CBCT scans of 39 males and 61 females in the age span of 46 to 81 years (mean age is 63.27 ± 6.8) with 10 × 8.5 field of view were retrospectively studied between February and April 2018 who attended the radiologic diagnostic center for three-dimensional radiological scanning for different diagnostic purposes required by the clinical practices where patients had their appointments. Written consent was signed by all individuals before taking the procedure.
All CBCT scans were made with the device with the following characteristics: 0.2 mm/0.3 mm voxel size; 0.5 mm focal spot; 18 s scanning time; 55-99 kB/4-16 mA tube voltage.
The patients with trauma, bone disorders, undergoing bisphosphonate therapy, with anamnesis of surgical procedures, and pathological disorders of the anterior maxilla were excluded from the study.
These scans were analyzed in Ez3D Plus (Vatech Co., Korea, 2009) software on panoramic and cross-sectional views with 0.5 mm, 1 mm, 3 mm, and 10 mm slice thicknesses. CS was identified according to its description in the literature. [8] Then, the slice thickness was sequentially changed from 0.5 mm to 1 mm to 3 mm and to 10 mm. Images with different slice thicknesses were evaluated separately. The diameter was measured with 0.5 mm slice thickness.
One-way ANOVA test was provided with StatPlus 6 (AnalystSoft) with regard to CS prevalence with different slice thicknesses. Age and gender groups were analyzed within slice thickness groups and with regard to diameter.
Results
The alveolar part of CS was evident in 74 of 100 patients (74% of total patients) evaluating CBCT scans with 0.5 mm slice thickness. The canal was found only on the right side in 20 of these 74 patients (27.1%) and on only the left side in 17 (22.9%) and 37 patients (50%) presented CS on both sides.
In total, 111 CS (55.5% while analyzing 200 sides in 100 patients) were visualized with 0.5 mm slice thickness and 1 mm slice thickness. The CS prevalence (%) on CBCT scans with different slice thicknesses is presented in Figure 2 .
CS visualization with different slice thicknesses with regard to age and gender is demonstrated in Figures 3 and 4 . Table 1 shows the diameter data for CS terminal part according to age and gender.
Then, we analyzed the dependence on visualization between two criteria mentioned above: the diameter and the slice thickness [ Figure 5 ].
Discussion
CS was first described by Wood-Jones in 1939. Von Arx et al. established that more than half of the accessory canals in the maxilla are connected with this structure. [9] Owing to only a few publications on anatomical variants of CS available in the literature and the fact that these variations are commonly seen in CBCT evaluation as an incidental finding, practitioners do not know much about this anatomical variation. [25] Several studies and clinical cases showed that CBCT is the best radiographic technique for CS visualization. [6] [7] [8] [9] [10] [11] 26] This 100 CBCT scan study showed 57.6% of CS prevalence with 0.5 mm and 1 mm slice thickness, which is lower than it was in K. Orhan et al. study (70.8%), [25] Ghandourah et al., [27] and Gurler et al. [28] (both 100%) and Machado et al. (97.4%). [8] CS prevalence with 3 mm slice thickness (43.5%) was closer to Manhaes et al. data (34.86%) [28] and Von Arx et al. data (27.8% ). [9] The total diameter was 0.95 ± 0.23 mm that is lower than CS diameter in Gurler et al. study (1.37 mm) [7] and in Von Arx et al. study (1.37 mm). [9] However, our study showed no statistical difference in the diameter data with age and gender groups,. Von Arx et al. showed statistically higher diameter in males than in females. [9] This 100 CBCT scan study did not find any statistically significant difference between slice thicknesses for CS visualization on the right and left sides. Visualization with 0.5 mm and 1 mm slice thicknesses were absolutely the same (55.5%). CS general prevalence with a 10 mm slice thickness (16.5%) were significantly lower (P < 0.01) than the prevalence with a 3 mm slice thickness (20.5%).
As well, the difference between CS visualization with 0.5 mm/1 mm and 0.3 mm slice thicknesses was statistically significant (P < 0.01).
There are some other research with different methods that concluded the positive effect of slice thickness. Mühler et al. studied the accuracy and reliability of age estimation, using a clavicular epiphyseal plate in forensic medicine, and the best result was obtained with a slice thickness of 1 mm. [19] Jung et al. studied the multiplanar reformation using 1.25, 2.5, 3.75, and 5 mm slice thicknesses for quantitative measurement in CT and demonstrated that thinner slice thicknesses result in better image quality. [23] Sirin et al. studied diagnostic accuracy of reconstructed CBCT images, using different slice thicknesses, in the detection of simulated mandibular condylar fracture and concluded that the diagnosis will be more accurate using slice thickness of 0.2 and 1 mm, compared to 2 and 3 mm. [24] In our CBCT-study, the CS diameter values varied from 0.3 mm to 2.1 mm, however, our age/gender analysis did not reveal any statistically significant differences both in general and on the left and right sides separately.
The analysis between the diameter and slice thicknesses showed that visualization with 0.5 mm/1 mm slice thickness is statistically higher than 3 mm and 10 mm slice thicknesses (P < 0.01) for diameters of 0.3 mm-1 mm in size. Visualization of diameters of 1.1 mm and more in size did not have any statistically significant difference with 0.5 mm, 1 mm, 3 mm, and 10 mm slice thicknesses (P = 0.3, P = 0.6, and P = 0.6 consequently).
Conclusion
CBCT examination demonstrated high diagnostic efficiency in CS visualization (74%). In addition, this study showed the importance of slice thickness choice for CS visualization. The best visualization was reached with 0.5 mm and 1 mm slice thicknesses. The dependence in prevalence between slice thicknesses and the diameters greater than 1.1 mm in size was not revealed. It is important to note that dentists have a visual estimation of anatomical structures because CBCT is not calibrated with the Hounsfield scale. Using 0.5 mm and 1 mm slice thicknesses for the analysis, it is more efficient for defining CS, but for eliminating the risk of the inaccurate visual interpretation, the slice thicknesses should be changed to 3 mm and 10 mm to differentiate CS from spongious bone structure. Dentists should change slice thickness in CBCT software while estimating anatomical structures such as CS.
Although CBCT is an accurate estimation technique of anatomical structures, it is important to consider the software settings.
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